In the current paper we propose a new software procedure for processing data from an inertial navigation system boarded on a moving vehicle, in order to achieve accurate navigation information on the displacement of the vehicle in terms of position, speed, acceleration and direction. 
I. INTRODUCTION
Due to their overall increasing performance levels in positioning accuracy, aerial or terrestrial control traffic inertial navigation applications, are implemented in widely used devices, from smart-phones to unmanned aerial and space vehicles [1] [2] [3] .
Inertial navigation systems (INS) have played an increasingly larger role throughout the navigation's development period. Aerospace navigation specialists are continuously designing and implementing new architectures required by the current technological limitations of these types of systems and sensors [4, 5] .
The errors in inertial navigation systems are generally caused by these sensors' errors [6] [7] [8] ; the miniaturization of electronic components has had a strong impact on the gyros and accelerometers level of performance.
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As major source of errors of inertial navigation systems the inertial sensors noise, is characterized by a constant power throughout the frequency spectrum that reflects the dynamics of mobile systems (generally in 0-100 Hz range).
Therefore, the filtering of the noise is not recommended in the specified band. This noise component that overlaps over the useful output of the sensors cannot be totally eliminated but can be modelled by using stochastic processes [4] .
Our scientific research goal was to develop advanced algorithms, for processing data from inertial sensors, and to implement these algorithms in miniaturized inertial measurement units, in order to obtain accurate navigation data of monitored vehicles.
II. PROPOSED METHOD
The practical challenge of the study was to develop and validate an advanced algorithm for processing signals from inertial navigation systems in order to achieve accurate positioning measurements.
Starting from a new time frequency approach for assessing coupling dynamics information in multivariate dynamic systems [4] we proposed a new method for estimating the optimal decomposition level of the wavelet filter.
PDC approach is able to detect direct and indirect couplings between two time series. A correlation parameter ( ) (n ij  ), for coupling estimation between two time series (Xi and Xj)
based on the PDC approach was defined by Baccala et al. [9] , with values between 0 and 1. These measures were considered to provide information on the presence and level of causal correlation between two time series (Xi and Xj) as follows: high values reflecting a directionally linear influence from Xj to Xi, meaning that, for values equal to 1, all the causal influences originating from Xj are directed towards Xi, and low values (≈ 0) suggesting the absence of any causal correlation from Xj to Xi, meaning that Xj does not influence Xi. Another parameter calculation was proposed in order to estimate the coupling level (CL) between two time series belonging to the same system and to estimate the optimal level of decomposition of the wavelet filter, by employing the following equations:
where, is the Wavelet's actual level and is the Wavelet's optimal level of decomposition.
These measures provide information on wavelet coefficient as follows: a) if the previous value is lower than the current value then the order of the wavelet decomposition is equal to the previous value plus 1. b) if the previous value is higher than or equal to the current value, then the optimal order of decomposition is equal to the previous value. The algorithm main idea is illustrated in Fig. 3 , where the signals received from an inertial system (an accelerometer and a gyro) are processed and analysed using the Wavelet transform until optimal levels of decomposition (of signals) are established and useful signals are achieved [10] .
This structure was proposed in order to achieve a further general tuning method for inertial systems denoising.
In this structure, the reference signals were the real acceleration and angular speed signals applied to sensors, while the disrupted input signals in PDC were the outputs of the inertial navigation system (INS) (Fig. 1) . For the here-presented study, we assumed that the noise overlaps the useful signals. Therefore we simulated noisy and noiseless signals received from miniaturized accelerometers and gyros in order to achieve an offline tuning of the wavelet function used in the denoising process of real signals.
Noiseless signals were used as reference signals to correct the errors of the sensors. Noisy signals were correlated with noiseless signals, by applying equation 1, in order to achieve the optimal level of decomposition of the wavelet filter, leading to the achievement of more accurate data from the measurement unit.
In simulations, an acceleration signal and an angular speed signal, Figs. 2 and 3, were considered as reference signals. These signals were corrupted by different types of noise, as it may be seen in Fig. 4 and 5. 
III. RESULTS AND DISCUSSIONS
By applying the proposed algorithm to the corrupted signals, using as reference the original signals, the and CL achieved values were recorded in Tables 1 (for the accelerometer) and 2 (for the gyro). According to equation 1, we can observe that the optimal level of decomposition for the acceleration signal was 7 for CL =0.727315 and for the angular speed signal was 8 for CL = 0.159934. For a visual comparison of the corrupted and real signals coupling levels, data collected in Table 1 , a number of coupling level diagrams, for different levels of coupling, were displayed in Fig. 6, 7, 8 and 9 , by means of a short time implementation, with a window of 300 sample length. In all figures, the y-axis represents the number of windows and the x-axis represents the normalized frequency (between 0 and 1).
Transitions from strong level of couplings (represented in red and shades of red colour) towards the absence of any coupling (represented in blue and shades of blue colour) are visible in all coupling diagrams. We were interested in achieving the highest level of coupling between signals, meaning CL values ≈ 1. A higher level of coupling can be seen in Also, for a better visualization, the real, the noised and the denoised (for WoptLvl = 7) acceleration, speed and position signal evolutions in time were plotted in the same diagrams ( By using the proposed configuration (Fig. 1) , a correlation between real signals, signals applied to an INS, and signals measured by an INS, could be achieved and a correlation level of all collected data can be computed and used in future inertial navigation signal analysis in a pre-calibration phase.
This correlation becomes clearer when the signals achieved from the inertial navigation system become correlated with the real signals and the correlation level reaches values close to 1, resulting in reduced errors of the navigation system caused by the sensors' overlapping noise.
IV. CONCLUSIONS
This is an actual issue which brings significant improvement in the inertial navigation systems signal processing, having a clear-cut role in positioning investigations. The goal of this research was to improve the performance of inertial navigation systems and their level of accuracy.
An improved version of the Wavelet filter, numerically simulated and validated, was proposed, for filtering signals received from an inertial navigation system containing an accelerometer and a gyro.
In a future study we intend to implement this algorithm for pre-calibrating a twodimensional navigation system in horizontal plan.
The best coupling level of signals received from INS and GPS will be established, using a GPS signal as reference, and the proposed algorithm will be implemented in a miniaturised inertial measurement unit as a real-time evaluation criterion, with the purpose of achieving accurate real-time data of aerospace vehicles.
